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1999] (see Figure Sla in the online supple
ment to this Eos issue (hup://www.agu.org/
eos_elec)). Though all permafrost can be
affected by warming and thawing, thawing of
ice-rich permafrost causes particularly strong
feedbacks to ground surface stability, micro
topography, hydrology, ecosystem function,
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monitoring initiative includes 850 boreholes
and 200 active layer sites and shows a gen
eral warming trend for the upper permafrost
in many Arctic regions throughout the 1990s
and early 2000s, in accordance with air tem
perature trends

[Romanovsky et aI.,

2010].

Warming has been more pronounced in the
northern continuous permafrost zone, most
recently along the Arctic coast. The warm
ing of cold permafrost in the continuous
permafrost zone generally has not resulted
in thawing during the past 60 years, while
similar warming in some discontinuous

Fig. I. Idealized cross section through northern permafrost regions showing the major known
and assumed carbon pools related to permafrost and their total carbon stores, in petagrams as
known to date (adapted from Romanovskii et aI. [2000); soil organic carbon stores from Tarno
cai et a!. [2009}). Question marks indicate poorly quantified carbon stocks. Original color image
appears at the back of this volume.
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permafrost degradation.

Other processes also degrade permafrost
and mobilize deep soil organic carbon. Most of

Feedbacks to Carbon Pools and Climate
Surface thawing of permafrost, as well
as deep degradation after disturbances, is
affecting organic carbon pools in perma
frost. When the organic matter stored in
permafrost-affected soils and deeper perma
frost deposits is taken into account, the esti
mated 1466 petagrams of organic carbon
contained in Arctic terrestrial permafrost
soils is enormous relative to atmospheric
stocks [Tarnocai et aI., 2009] (see Figure SIb
in the online supplement to this Eos issue).
A generalized north-south permafrost cross
section shows the size and distribution of
carbon pools in and under permafrost (Fig
ure 1). However, high uncertainties related
to soil spatial distribution and depth, organic
carbon content, and organic matter lability
remain. Several other permafrost-related car
bon pool components are also lacking tight
constraints: organic carbon stored in sub
merged terrestrial and marine permafrost
deposits on Arctic shelves, gas hydrates stored
in and under permafrost, and natural gas
capped by permafrost. Of particular concern
is a unique, ground ice-rich surficial deposit
in Siberia and northwestern North America
called "Yedoma" that alone is estimated to
contain more than 400 petagrams of organic
carbon (Figure 1) [Zimov et aI., 2006].
Top-down thawing of permafrost will
cause major changes in soil carbon cycling
over large regions and tap permafrost
related organic carbon pools [Schuur et aI.,
2008]. While mineral soils often experience
rapid carbon loss, peat accumulation rates
and methane emissions may increase as
organic soils thaw. Biological production of
greenhouse gases from Yedoma-like depos
its upon thawing is a potentially strong posi
tive feedback to climate warming. A multi
tude of permafrost degradation processes
can affect deeper carbon pools, with the
potential to weaken this long-term carbon
sink or even to create a carbon source.

Thermokarst and Other Forms of Deep
Degradation Affecting Organic Carbon Pools
The melting of excess ground ice, includ
ing segregated ice, ice wedges, and other
massive ice bodies in permafrost, results in
subsidence and water impoundment. Ther
mokarst lakes, whose positive feedbacks
accelerate subsidence and permafrost thaw,
formed during the Holocene (the past 12,000
years) and are widespread in Arctic low
lands (see Figure Sla in the online supple
ment). They mobilize deeper permafrost
stored organic carbon and enhance green
house gas emissions [Walter et al., 2007].
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